Abstract. The Kalman filter developed by R. E. Kalman and R. S. Bucy is states estimation theory in the target domain and has been employed in various field
INTRODUCTION
In this study, the estimation of the flow field is carried out based on the finite element method and the Kalman filter theory in open channel. Figure 1 shows an example of open channel. As the governing equation, the shallow water equation is employed, and the finite element and the selective lumping methods are applied to discretize the governing equation in space and time, respectively. The estimation of the distribution of the velocity vector and the water elevation is carried out by using the discretized equation obtained by the Kalman filter theory. In the numerical experiments, the open channel flow is treated, and some examinations are carried out by changing the observation variables, number and position of observation points. 
DISCRETIZATION OF GOVERNING EQUATIONS
The shallow water equations are used as a governing equations, which is represented as equation (1) and (2) in the two-dimensional plane.
where u ,  , g , and h are flow velocity, water elevation, the gravitational acceleration and water depth. The Galerkin method and the selective lumping method are applied to discretize the governing equations in space and time, respectively. Consequently, the finite element equation can be written as equation (3) . Equation (3) is represented by equation (4) . 
COMPUTATIONAL ALGORITHM
It shows the numerical calculation algorithm by Kalman filter below.
2. Calculation of estimated error covariance matrix:
then go to 6, else go to 2.
Calculation of estimated value
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EXMINATION BY NUMERICAL EXPERIMENT
This examination is carried out by changing the observation variables, number and location of observation points. The computational conditions in this study is shown in Table 1 . Computational model is shown in Figure 2 . In Cases 1-4, the observation points are set on center line of the channel, and number and position of the observation points are changed. In Case 5, the observation points are set on one side of the wall boundary. The convergence criterion ε is set 0.01. This convergence criterion follows to the reference by Heemink [3] . From this result, it was found that convergence rate in Case 'a' is faster than that in Case "b" in the iterative computation of the predicted error covariance matrix.
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Case 5a
Case 5b In Case 3, when the observation points are set on the inflow boundary side, the estimated value is good agreement with the true value in the outflow boundary side region, but, In Case 4, when the observation points are set on the outflow boundary side, it was found that it is difficult to estimate the distribution of the water elevation in inflow boundary side region. In Case 5, when the observation points are set on one side of the wall boundary, it was confirmed that the distribution of the water elevation is similar to that in Case 1.
Case 3a Case 3b
Case 4a Case 4b
Case 5a Case 5b x =5.0m, y =0.4m). In all cases, observation noise is removed from observed value, and estimated values are good agreement with the true value. Table 2 shows L 2 norm for difference of true and estimated values in Figure 7 . In Case 3a and Case 3b, L 2 norm is approximately equivalent. In other cases, the value of L 2 norm in Case 'a' (the flow velocity for x and y directions and the water elevation are set as the observation variable) is less than that in Case 'b' (the water elevation is only set as the observation variable.). Therefore, it can be said that estimated values in Case 'a' are better agreement with the true value than estimated values in Case 'b'. 
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CONCLUSIONS
In this study, flow field estimation analysis in open channel was carried out based on the Kalman filter FEM. The linear shallow water equation is employed as the governing equation, the Galarkin and the selective lumping methods are used to discretize the governing equation in space and time, respectively. The conclusions in this study is shown as follows.  It was found that if the flow velocities for x and y directions and the water elevation are set as the observation variable in the computation of the flow field estimation, high accurate estimation result is obtained comparing to the case that the water elevation is only set as the observation variable.
APPENDIX
An example of flow field estimation using the practical measurement water elevation is shown in the appendix. The position of observation points and the size of the channel is shown in Figure 8 , and the finite element mesh is shown in Figure 9 . In addition, Table  3 shows the computational conditions in the flow field estimation. The flow field estimation analysis is carried out using the observed data at only points No.1 and No.2. The comparison of the time history of water elevation in case of the observed and the estimated values at points No.1 -No.3 is shown in Figures 10-12 . From this result, it is found that though the flow field estimation can be carried out, there is difference between the observed and the estimated water elevation at point No.3. Therefore, it can be said that there is a possibility that flow distribution can't be appropriately obtained, if a lot of observation points are not employed, and the period of the inflow wave is short. We suppose that this is one of the future work of this study. 
Total number of nodes 99
Total number of elements 160
Time increment t  , s
0.001
Number of time step 1000
Lumping parameter e 0.80
Gravitational acceleration g , m/s 
